Arterial Po 2 and Pco 2 were measured at half-hourly intervals in eleven patients anaesthetized for lower limb vascular surgery with a combination of nitrous oxide 67% and halothane 0.3-0.5% in oxygen, and an extradural injection of bupivacaine. Values for the alveolar-arterial oxygen tension difference, physiological deadspace and deadspace-tidal volume ratio were calculated. Although both the alveolar-arterial oxygen tension difference and physiological deadspace were large, spontaneous ventilation was adequate to maintain both Po 2 and Pco 2 of arterial blood at acceptable values. Over the course of 2 hr following the extradural injection there were no significant changes in any measured value.
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In patients under general anaesthesia, the arterial oxygen tension (Pao 2 ) is almost invariably less than would be expected from the value of the inspired oxygen concentration, the alveolar ventilation and the age and physical status of the patient. Using the Riley model of lung function, this relative hypoxaemia may be expressed as an increased alveolar-to-arterial oxygen tension difference (PAO 2 -Pao 2 )-In 1963, Bendixen, Hedley-Whyte and Laver described a second phenomenon: that during general anaesthesia with artificial ventilation, there was a progressive decrease in Pao 2 with time. During general anaesthesia the efficiency of ventilation is decreased and this may be expressed, using the Riley model, as either an increase in the physiological deadspace (VDPhys) or as an increase in the deadspace-tidal volume ratio (VD/VT). In 1964, Askrog and his colleagues reported a progressive increase in VDP h ys during anaesthesia. Whilst the increased (PAO 2 -Pao 2 ) and VDP h y s have been observed in most studies of gas exchange during general anaesthesia, there has been no confirmation of a progressive deterioration in these values (Sykes, Young and Robinson, 1965; Theye and Tuohy, 1965; Panday and Nunn, 1968; Lumley, Morgan and Sykes, 1969; Morgan, Lumley and Sykes, 1970) . Most studies have investigated the effects of general anaesthesia and artificial ventilation. Patients breathing spontaneously and those given regional anaesthesia have been studied less frequently. Recently it has been our practice for patients undergoing peripheral vascular surgery to combine light general anaesthesia and spontaneous ventilation with a lumbar extradural block. In these patients we monitor arterial blood-gases. This report describes the results of an investigation to determine whether there was a progressive deterioration in (PAO 2 -Pa 02 ) and VDPnys during such an anaesthetic technique. This study had the approval of the hospital ethical committee.
METHODS
Eleven male patients scheduled for femoral or popliteal artery reconstruction were studied. Their ages ranged from 34 to 69 years. Most were smokers but none had significant airway disease. Papaveretum 10-20 mg and hyoscine 0.2-0.4 mg were given i.m. 1 hr before surgery. An i.v. infusion of Hartmann's solution was set up and anaesthesia was induced with thiopentone 100-300 mg followed by suxamethonium 75 mg. After spraying the larynx and trachea with lignocaine 160 mg, a cuffed endotracheal tube was inserted. Anaesthesia was maintained initially with halothane 1-1.5% and nitrous oxide (70%) in oxygen.
A radial artery was cannulated percutaneously. An extradural injection of 5-10 ml of bupivacaine 0.5% with adrenaline 1:200,000 was given through a Tuohy needle inserted in the second lumbar interspace. The patients were then turned into the supine position and thereafter kept horizontal. Hartmann's solution was infused in a volume sufficient to avoid hypotension. Any blood lost was replaced with whole blood.
Initially, the patient breathed from a Magill circuit, but this was replaced by a non-rebreathing system incorporating a Drager valve at the catheter mount. The gas mixture used was changed to approximately 30% oxygen in nitrous oxide in which was vaporized halothane 0.3-0.5%. This provided a light level of anaesthesia sufficient to maintain unconsciousness and prevent the patient coughing on the endotracheal tube. The effectiveness of the extradural block was noted by assessing the degree of abdominal muscle relaxation and noting any response to surgical stimulation. A Heidbrink valve next to the Drager valve was set at the lightest blow-off pressure and the total inspired gas flow rate was adjusted to prevent over-distension of the reservoir bag.
Measurements were made initially at 30 min after the extradural injection and thereafter at half-hourly intervals. Expired gas was collected over a 5-min period in a Douglas bag. After thorough mixing, a 100-ml sample of gas was taken into an oiled glass and metal syringe with a three-way tap soldered to its nozzle. The syringe was washed out with four 100-ml samples of mixed expired gas and the fifth was retained for analysis. Samples of inspired gas from the inspiratory circuit were obtained in a similar manner.
The oxygen concentrations in these two samples were determined using a Servomex paramagnetic oxygen analyser (model DCL101 MK11). The analyser was calibrated using "white-spot" nitrogen, room air and cylinder oxygen (99.6% O 2 ).
The carbon dioxide concentration of the expired gas was measured using a Hartmann-Braun infra-red analyser (model URAS-4). This analyser was calibrated using carbon dioxide-free air and a prepared mixture of carbon dioxide, oxygen and nitrous oxide. The nitrous oxide concentration was of the same order (70%) as that in the expired gases. The expired gas volume over the 5-min collection period was measured by passing the gas through a calibrated Parkinson-Cowan dry gas meter. The respiratory rate was noted, as were the barometric pressure, the patient's temperature (oesophageal) and the expired gas temperature.
During collection of the expired gas a 5-ml sample of arterial blood was taken into a heparinized syringe. The oxygen tension, carbon dioxide tension and the pH were measured immediately using either Radiometer equipment incorporating an oxygen electrode (model E5406) and the micro-equilibration system, or by an Instrumentation Laboratory model 113 analyser incorporating pH, Pco 2 and Po 2 electrodes. National Bureau of Standards buffers were used to calibrate the pH electrodes, and gas mixtures whose oxygen and carbon dioxide contents were determined by Haldane analysis, were used to calibrate the other electrodes. The measured blood oxygen tension was corrected for the blood-gas difference as determined each day by tonometry. Factors (Kelman and Nunn, 1966) were used to apply the appropriate temperature corrections.
The accuracies of the various analyses were (± 1 SD): gas oxygen and carbon dioxide concentrations ±0.1% (=0.7 mm Hg); blood oxygen tension ±3 mm Hg, blood carbon dioxide tension ±1 mm Hg, and pH±0.01 units.
Calculations
The calculations of ideal alveolar oxygen tension, physiological deadspace and deadspace/tidal volume ratio were made as follows:
where F PB PH 2 O fractional concentration barometric pressure saturated water vapour pressure at body temperature The ideal alveolar oxygen tension was calculated from the following form of the alveolar air equation (Nunn, 1963) :
where PAo 2 = alveolar oxygen tension Plo 2 = inspired oxygen tension Paco 2 = arterial carbon dioxide tension PEO 2 = mixed expired oxygen tension PE C02 = mixed expired carbon dioxide tension
The alveolar to arterial oxygen tension difference (PAO 2 -Pao 2 ) was calculated by subtraction. 
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Physiological deadspace was calculated from the Enghoff (1938) modification of the Bohr equation:
where VDPhys = physiological deadspace § VT = tidal volume
The slope of the gas R line was calculated from: * Mean values and standard deviations were calculated using conventional formulae. The statistical significance of the results was assessed using a oneway analysis of variance (Goldstein, 1964) . The calculations were performed using programs written for a Wang 500 calculating computer.
RESULTS
Blood samples were taken over a 2-hr period in eight patients and over a 90-min period in three. The results of the whole group of patients are summarized in tables I, II and III*. In one patient, seven samples were obtained and figure 1 summarizes the results found in this patient. Pa C o 2 remained between 46 and 50 mm Hg over the 210 min, and the Pa O23 although initially high, remained around 100 mm Hg. These blood-gas values remained constant despite a large increase in ventilation and VD/VT ratio that occurred during the last 90 min of anaesthesia. Time -minutes after extradural FIG. 2. Inspired, alveolar and arterial oxygen tensions, arterial carbon dioxide tension, ventilation and deadspacetidal volume ratio in a second patient during 100 min of anaesthesia. The initial values of ventilation and deadspacetidal volume ratio were high because an excessive fresh gas flow rate was used.
probably a result of recovery from the extradural block.) A second patient was studied for a period of 3 hr, the results obtained being shown in figure 2 . Again, the Pa C o 2 remained within a 5-mm Hg range and the Pao 2 remained within 8 mm Hg of 90 mm Hg. In this patient the initial gas flow rate was set too high, leading to a large apparent minute volume and deadspace for the results of the first sample. Subsequently, the changes in deadspace and ventilation over the remaining 150 min were not marked. Table I summarizes the results for the measurements of expired minute volume, respiratory rate and tidal volume, together with the analyses of the inspired and expired gases. There were no statistically significant differences between the mean values of any of the four samples. The first sample showed a slightly higher minute volume and tidal volume because of the reasons explained above.
Ventilation and gas analysis

Arterial blood-gas
The blood-gas results are summarized in table II. On average, Pa 02 was between 94 and 100 mm Hg and there were no statistically significant changes over the 2-hr period. The lowest tension found was 60 mm Hg and the highest 149 mm Hg. The initial mean Pa C o 2 was 41.6 mm Hg and at 2 hr it had increased to 43.9 mm Hg, but again this change was not statistically significant. The highest Pa C o 2 recorded was 53.9 mm Hg and only three readings exceeded 50 mm Hg.
The pH values were all slightly on the acid side of normal, showing a slight amount of non-respiratory acidaemia. But again, no progressive deterioration occurred over the 2-hr study and the final mean pH of 7.32 was the same as the initial value.
Calculated indices of the "Riley Model"
The values calculated for ideal alveolar oxygen tension, PA O2 -Pao 2 , VDP h ys, VD/VT ratio and "R" are given in table III. There were no significant differ-ences between the mean values for any sample. Mean (PA02-Pao2) was about 100 mm Hg, but did not increase progressively. VD/VT ratios remained at approximately 56% throughout the study. "R" values were highest for the initial sample and thereafter decreased towards, but rarely less than, 1.0.
DISCUSSION
The results of this study, in male patients undergoing peripheral vascular surgery, show that PAO 2 -Pa 02 and VD/VT were greater than would be expected in conscious subjects. However, after the first half-hour of anaesthesia, there was no significant deterioration in these indices of lung function. Using Pa C o 2 as a guide, it seems that alveolar ventilation was not depressed significantly by this anaesthetic technique. Pa 02 was less than 70 mm Hg in the 41 samples from the eleven patients on only one occasion. Thus, an inspired oxygen concentration of about 33% would seem adequate for these patients. Before considering these results further, two points dealing with methodology and calculation of the results might be of interest. First we used a conventional "Boyle's" machine and a Magill circuit modified by the inclusion of a non-rebreathing valve. With this system the fresh gases are delivered under pressure. If the fresh gas flow is greater than the patient's minute volume, and if the blow-off pressure of the Heidbrink valve is set too high, fresh gas can pass across the non-rebreathing valve to contaminate the exhaled gases. This will be measured as an increase in the expired minute volume and in the measured physiological deadspace and VD/VT ratio. It will not affect the calculated "ideal" alveolar gas point or Pao 2 . This error probably occurred twice in the initial samples. A simple check is to measure the exhaled minute volume at the catheter mount and to reduce the fresh gas flow rate to the same value. An alternative method for avoiding this problem is to use a separate Douglas bag with a prepared fresh gas mixture so that there is no excessive pressure in the inspiratory circuit.
The second point deals with what might appear at first sight to be abnormally high "R" values. (It is incorrect to assume that this approximates to the respiratory exchange ratio.) Most "R" values were calculated as being greater than unity, and in addition there was a trend for the value to decrease as anaesthesia progressed. Calculation of the carbon dioxide excretion rate from the expired minute volume and the expired carbon dioxide concentration gives mean values of about 190 ml/min. However, using the "R" value and the carbon dioxide excretion rate would suggest that the oxygen uptake was only of the order of 150 ml/min or less and the uptake value was least initially but increased as the operation proceeded. The "R" values should not be used in this way, however, because it ignores the difference between the inspired and expired minuted volumes. This is especially important where significant volumes of nitrous oxide are being taken up by the lungs also. Suppose the inspired minute volume is 10 litre/min, composed of 3.3 litre oxygen (Fi O2 =0.33) and 6.7 litre nitrous oxide (Fi N2 o=0.67); further, that 0.2 litre carbon dioxide was excreted and 0.25 litre oxygen absorbed per minute. Then the true respiratory gas exchange ratio would be 0.8. Let 0.25 litre nitrous oxide be taken up per minute also. The expired gas volume would then be (if no lung volume changes occur) 0.2 litre carbon dioxide, 3.05 litre oxygen and 6.45 litre nitrous oxide, or 9.7 litre in total. The fractional expired oxygen concentration would be 0.314 and the carbon dioxide concentration 0.0204. Substituting these values with the inspired oxygen concentration to calculate "R" gives the value of 1.32. This is, of course, a demonstration of the second gas effect (Epstein et al., 1964 ), but we had not previously realized its magnitude or realized that it is still showing an effect 2 hr after beginning nitrous oxide administration.
In patients breathing halothane and oxygen spontaneously, Marshall (1966) found the VD/VT ratio to be about 32% and (PAO 2 -Pa 02 ) to be about 150 mm Hg. The mean Pa C o 2 in his patients was 51 mm Hg. Louzada and Trop (1970) allowed their patients to breathe 1% halothane, 49.5% oxygen and 49.5% nitrous oxide, and found a VD/VT ratio of 53% and (PAo 2 -Pao 2 ) approximately 120 mm Hg. Their patients managed to maintain a Pa C o 2 of 45 mm Hg, and there was no progressive change in VD/VT ratio during anaesthesia. Kain, Panday and Nunn (1969) also failed to show any progressive increase in VDPhys in patients breathing spontaneously under halothane anaesthesia.
Patients given spinal anaesthesia often show a degree of hyperventilation. For example, in conscious subjects Ward and his colleagues (1965) found a reduction in Pa C o 2 to 34 mm Hg, while Askrog, Smith and Eckenhoff (1964) found a reduction in Pa C o 2 to 32 mm Hg with an increase in VD/VT ratio to 42%. Extradural anaesthesia itself was not associated with hyperventilation (Ward et al., 1965) . In patients receiving oxygen and halothane anaesthesia with spontaneous ventilation and combined with an extradural nerve block, James and Fisher (1969) found that VD/VT ratio increased from 46% to 51% after institution of the block, but that this increase was not statistically significant. Ventilation as assessed by Pa C o 2 remained adequate. They found a significant decrease in Pa 02 and a significant increase in (PA 02 -Pa 02 ) also, the latter being correlated with a decrease in mean arterial pressure. In our present study, arterial pressure was maintained by infusion of fluid. It would seem, therefore, that our findings are consistent with the effects of the light nitrous oxidehalothane mixture. The amount of bupivacaine used did not interfere further with ventilation or decrease the capacity of the respiratory system to cope with the increased deadspace.
Patients undergoing vascular surgery have been studied in this department when anaesthetized with a nitrous oxide-opiate-relaxant sequence using artificial ventilation (Lumley, Morgan and Sykes, 1969; Morgan, Lumley and Sykes, 1970) . In these studies, and in the study reported here, the inspired oxygen concentration was in the region of 33%. Table IV Lumley et al., 1969 : Morgan et al., 1970 compares the average values for the three series. It is noteworthy that the only major difference is that the patients in this present series have a VD/VT ratio about 10% greater than in the other two series. Despite this, the arterial blood-gases do not differ. Furthermore, in no series were there any significant deteriorations in any value as the operation proceeded. It seems therefore, that either anaesthetic technique may be employed without detriment to the patient. Of course, a major additional insult, such as a large haemorrhage, might not be tolerated in patients with an extradural block. Bonica and his colleagues (1972) have presented evidence showing that blood loss is not well tolerated in volunteers who receive an extradural anaesthetic. We started using extradural anaesthesia as part of the technique in these patients after the report of Cousins and Wright (1971) which demonstrated that the block led to a significant improvement in blood flow in the leg following vascular reconstruction. However, certain precautions must be taken when using extradural analgesia in these patients. The dose of local anaesthetic must be reduced because of the considerable spread that occurs in patients with arteriosclerosis (Bromage, 1962) . As the operations often last for 2-4 hr, we feel that it is better to give the patients a light general anaesthetic rather than heavy sedation. This type of patient is also given heparin during the operation and the risk of an extradural haematoma must always be borne in mind (Butler and Green, 1970 
SUMARIO
El Po 2 arterial y el Pco 2 se midieron a intervalos de media hora en once pacientes anestesiados para cirugia vascular de los miembros inferiores con una combinacion de oxido nitroso 67 % y halotano 0,3-0,5 % en oxigeno y una inyeccion extradural de bupivacaine. Se calcularon los valores para la diferencia de tensi6n de oxigeno alveolar-arterial, el vacio fisiologico y la proporcion de volumen vacio-flujo. Aunque tanto la diferencia de tension de oxigeno alveolar-arterial como el vacio fisiol6gico fueron elevados, la ventilaci6n espontanea fue adecuada para mantener tanto el Po 2 como el Pco 2 de sangre arterial a niyeles aceptables. En el curso de las dos horas siguientes a la inyeccidn extradural no hubo cambios significative^ en valor apreciable alguno
